Although tumors induced in hamsters by adenovirus types 12 In contrast to human CF antibody responses to adenovirus infections, in which the antibody is primarily formed against the group reactive "A"3 or "L"4 soluble antigen, the antibodies in the tumorous hamsters are essentially type-specific and are presumably reactive with antigens similar to the "C'3 or "E"'4 soluble antigens. Thus, sera from hamsters with tumors induced by type 12 react in high titer with type 12 tissue culture antigen, are somewhat less reactive with type 18 antigen, and give no reaction with the other 26 human adenovirus types. Virus-neutralizing antibodies also develop in hamsters with primary and transplanted tumors, but only in those with highest levels of CF antibody." 2 This report describes the direct demonstration of virus-specific CF antigens in the noninfectious or "virus-free" hamster tumors induced by adenovirus types 12 and 18, as well as in transplanted tumors5 and tissue culture cell lines derived therefrom. Also, we describe the induction of tumors in rats by type 12, with comparable findings of noninfectious virus-specific antigens and antibodies in the tumorous animals. Preliminary information on specific CF antigens in hamster tumors induced by SV40 and Rous viruses is also presented.
described previously;' newborn rats were inoculated in a similar manner. Tumor transplants were carried out by inoculating finely minced tumor tissue into suckling or weanling animals, using an 18-gauge trocar. The material was deposited subcutaneously at the nape of the neck. Although tumor transplants readily grew when inoculated by other routes,' the subcutaneous site was usually selected because tumors could be observed and measured more readily, and survival time was longer.
Serum specimens: All animals were bled at regular intervals from the inner canthus of the eye.
Initial bloods were taken 15 days after animals were given transplants and 20-30 days after injection of virus. Subsequent bloods were generally taken at weekly or fortnightly intervals, depending on the progression of tumors. All sera were individually tested for antibody but, for definitive studies of antigen antibody reactions, pools of hamster serums representative of early (lower level) and late (higher level) antibody responses were used.
Observation of tumor development: The animals were observed daily, and the onset of grossly observable tumors recorded. Calipers were used to measure the subcutaneous tumors, and the size was recorded as the largest diameter. At autopsy, the tumors were weighed, the dimensions determined, and the gross appearance described; gross and microscopic appearances of the tumors were similar to those reported previously. I ' 2, 7 Aliquots of the specimens were placed in Zenker's fixative for histopathological study; other aliquots were washed in Eagle's basal medium (BME) and used for transplantation experiments, tissue culture preparations, infectivity assay, and/or complement-fixing antigens.
Tests for viral infectivity: One-tenth ml of test material was inoculated into 3 tube cultures of primary HEK, maintained in BME with 2%o agamma calf serum (Hyland Laboratories, Los Angeles, California). The cultures were observed for 28 days, and the pooled fluids passed to 2 fresh HEK cultures which were observed for 14 days. Tests in our laboratory8 have shown that prolonged observation of HEK cultures provides the most sensitive isolation system available for adenoviruses. Tests of 51 extracts of primary and transplanted tumors induced in hamsters by type 12 have been uniformly negative, as have tests of 7 rat tumors and of 6 transplanted type 18 tumors. Likewise, repeated tests of nontumorous tissues, urine, and feces of virus-injected hamsters taken at various intervals before and after tumor formation were negative. Additional unsuccessful efforts to demonstrate infectious virus included long-term culture of hamster cells in tissue culture, with tests of the fluids in HEK cultures and growth of trypsinized hamster tumor cells on feeder layers of HEK cells, a method similar to that used for detection of small amounts of SV40 virus.9'l0 Complement fixation tests: A microtechnique modification of the Bengtson procedure, including overnight fixation at 40C, was adapted by Sever" from Takatsy's microtechnique."1 In these studies 1.8-2.0 exact units of complement were used for all tests of hamster and rat materials. Three different types of adenovirus preparations were used, as follows:
(1) "Viral" antigens: For purposes of this paper "viral" means antigens produced by replicating virus in human or animal tissue cultures. The adenovirus preparations contained soluble antigens as well as viral particles; they were grown in KB cell cultures and consisted generally of supernatant fluids. SV40 antigens were grown in African green monkey kidney cells, and Rous virus antigens were made from tumors produced in the wing web of RIF-free chickens. (2) "Tumor" antigens: These represented 10 or 20% extracts of tumor tissues from hamsters and rats. Aliquots of tumor tissue were homogenized in BME at 40C using mortars and/or Ten Broeck grinders. They were clarified by low speed (2,500 rpm centrifugation for 10-15 min in a refrigerated centrifuge, dispensed in 1 ml amounts, frozen and maintained at-60'C. (3) "Tumor cell" tissue culture antigens: Trypsinized hamster tumor cells were serially cultivated in 32-ounce bottles using diploid growth medium with 10% fetal calf serum.'3 After satisfactory heavy growth had been achieved, the cells were scraped from the glass and made into 10% suspensions (v/v) in BME.
Normal control antigens: Normal subcutaneous and muscle tissues from hamsters and rats bearing tumors and from normal control hamsters and rats were prepared in the same way as the tumor antigens. Control tissue culture antigens were prepared from uninfected KB and HEK tissue cultures in the same manner as from adenovirus-infected cultures.
All candidate antigens were first checked for anticomplementary (AC) activity. Antigen and antiserum units were based on reactions obtained as follows: "viral" antigen units were determined in chessboard titrations with a human serum pool derived from patients convalescent from adenovirus infections. This pool, which has been used for a number of years in this laboratory, measures primarily the group-specific adenovirus antigen. "Tumor" antigen units were determined by tests with a pool of serums from hamsters bearing type 12-or type 18-induced tumors.
Antigens in tumor extracts were evaluated (1) by testing them with standard antiserum pools prepared by combining sera from comparable tumorous hamsters, the sera being selected for having high titer CF antibody to the homotypic viral antigen; and (2) by testing serial serum samples from large numbers of individual hamsters against both homotypic and heterotypic viral and tumor antigens. The antigen preparations were routinely used unheated. At In contrast to the heat stability of the adenovirus group-reactive soluble antigen,14 the antigens in both tumor and viral preparations which reacted with serums of tumorous hamsters were in part inactivated by heating at a6°C for 30 mim (Table 3 ). The effect of heating was observable primarily with serum taken early after onset of tumor growth, later serums generally showing nearly equal reactivity with heated and unheated antigens. It remains to be determined whether this difference reflects heterogeneity of antigens or differences in reactivity of early and late antibody when tested with partially denatured protein. It Serums of tumor-bearing rats reacted with the types 12 and 18 viral and hamster tumor antigens, and also with the rat tumor extracts (Table 6 ). Conversely, the rat tumor antigens reacted with the types 12 and 18 hamster serums in titers comparable to the type 12 hamster tumor antigen. Like the hamster material, the rat antigens gave no reaction with the group-reactive human serum antibody. Comments on relationships of the specific tumor antigens to the specific viral antigens: Human adenovirus infections in man generally produce antibodies to the characteristic soluble group-specific antigen regarded as an essential property for the identification and classification of a member of the adenovirus group. Other soluble antigens, usually produced in lesser amounts, can be separated from the groupspecific antigens by differential elution on DEAE anionic columns.3' 4 They include the "toxic" or "cell-detaching" "B" antigen, and the type-specific "C" antigen. Studies of purified antigens associated with type 12 have not been reported. However, it is clear that types 12 and 18 strains grown in KB and HEK tissue cultures elaborate a group-specific antigen equivalent to that produced by other adenoviruses14"15 which is not reproduced by hamster tumors.
The only evidence to date for a "type-specific" antigen in adenoviruses 12 and 18 viral preparations consists of the type-specific reactions reported herein between serums from tumored hamsters and the types 12 and 18 viral antigens. Despite the close similarity in reactivity of the tumor antigens and the specific viral antigen, identity with the "C" antigen cannot be inferred from present data but must await comparative studies with purified antigens from both sources.
Unfortunately, it has not yet been possible to test the tumor antigens against potent type 12 antiserums prepared in nontumorigenic systems. Convalescent serums have been available from only a few known human infections with adenoviruses 12 and 18, and these were from infants who showed very little neutralizing and no CF antibodies to their respective viral antigens.
Evidence favoring a viral genetic determinant of both tumor and viral antigens consists of their similar properties and the progressive development of specific antibodies to both types of antigen by hamsters with adenovirus-induced tumors. The viral origin of the tumor antigens is also suggested by type 12 rat While it is also possible to postulate wholly "new" cellular antigens in the transformed hamster cells which are induced by viral action on cellular genes and not requiring continuous viral information for antigen replication, '6'7 such antigens cannot satisfactorily account for all the immunological phenomena observed in the adenovirus-induced hamster tumors; this is particularly true for the "C"-like CF antibodies and of course the virus-neutralizing antibodies demonstrated in late hamster serums showing broad CF reactions.
Observations on Other Tumor Cell Antigens.-The papova group tumor viruses: The first effective use of CF tests in the study of tumor antigens was the work of Kidd and Rous.'8 They found CF, as wvell as neutralizing, antibody to cottontail papilloma virus in domestic rabbits carrying virus-induced papillomas or transplants of "V" carcinomas derived from papillomas, despite difficulties in demonstrating infectious virus. In later passages of the "N" carcinomas, however, antiviral antibodies disappeared. '9 Habel and Sj dgren et al. ' Adeno. 12 Hamster tumor (1962) .
